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A TIME STUDY OF TRAFFIC FLOW ON THE 
NEW JERSEY HIGH-LEVEL VIADUCT 


Reported by LAWRENCE S. TUTTLE, Assistant Highway Economist 


Division of Highway Transport, United States Bureau of Public Roads 





FLrows FREELY 


TRAFFIC 


ON THI 


HE RECENTLY completed High-Level Viaduct 

between Newark and Jersey City in New Jersey 

has created wide interest because of the magnitude 
of the project and the engineering problems involved in 
its construction. Less publicity has been given the eco- 
nomic problems. Costing $5,200,000 per mile, it is 
one of the most intensive pieces of highway construc- 
tion in the world. A careful preliminary investiga- 
tion ' indicated that of the various economies which 
would be effected by the construction of the express 
highway from Elizabeth to the Holland Tunnel, of 
which the viaduct is a part, the most important was 
the saving in travel time. This paper presents an esti- 
mate of the annual vehicle time saved by the viaduct 
under present traffic conditions, prepared from field 
studies of travel time on this express highway before 
and after the opening of the viaduct. The studies 
were made during 1932 and 1933 by the Division of 
Highway Transport, Bureau of Public Roads, with the 
cooperation of the New Jersey State Highway Commis- 
sion. The field work was performed as an unemploy- 
ment relief project in connection with the New Jersey 
State-wide traflic survey. No attempt has been made 
to value vehicle time saved in view of the general lack 
of agreement among engineers and economists on this 
sibject, but the estimate has been so arranged that 
reasonable values for time saved for the several classes 
0! vehicles may be easily applied to obtain the monetary 
value of the time saved. 


OLD ROUTE BADLY CONGESTED 


The viaduct completes the express highway from 
izabeth to the Holland Tunnel. This highway 1s 
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' A Proposed New Highway from the Westerly end of the Vehicular Tunnel in 
Jersey City via Kearny and Newark to Elizabeth, January 1925. This report con- 
sists of two sections: A Study of the Economic and Other Conditions Which Show 
the Need of This Proposed New Highway and Which Govern and Control its Design, 
by I Lavis, and Studies of Traffic Data and Economic Values, by 8. Johannesson. 
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VIADUCT 


With A CONSIDERABLE SAVING IN TIME. 

one of the most heavily traveled in the country, as it 
is the principal approach from the south and west to 
New York City via the Holland Tunnel and the George 
Washington Bridge. It also serves a large volume of 
local traffic between Jersey City and Newark. Figure 
| shows the location of the viaduct and the previous 
routing of traffic. Before the viaduct was opened, 
traffic was routed east along Communipaw Avenue to 
West Side Park in Jersey City and then north to Ton- 
nelle Circle, a distance of 4.2 miles. 

Traffic congestion on this ground-level route often 
reached serious proportions. While the roadway pro- 
vided at least two lanes in either direction at its nar- 
rowest point, interruptions to traffic and points of 
conflict were numerous. These consisted of frequent 
openings of the drawbridges across the Passaic and 
Hackensack Rivers, and traffic interference at numerous 
intersections, particularly at the east and west ends of 
the Communipaw Avenue section of the route, and 
also where Newark Avenue crosses near Tonnelle Circle. 

Congestion at these three intersections was aggra- 
vated by heavy turning movements, requiring almost 
continuous police control. To a lesser degree, Tonnelle 
Circle was also a source of delay. In anticipation of 
construction of the viaduct the latter was not designed 
to accommodate a large volume of traffic, and before 
the completion of the viaduct an intricate system of 
police control was necessary to prevent complete 
tle-ups. 

Traffic counts indicated that the total yearly traffic 
at the Hackensack River Bridge during 1932 was about 
14,600,000 vehicles. Average week-day traffic through- 
out the year was approximately 37,000 vehicles, while 
on Sundays more than 50,000 vehicles per day were 
commonly recorded. 

The heaviest traffic occurred on Sunday evenings in 
the summer with pleasure traffic returning to New 
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Figure 1.—Map SHOWING OLpb Rovuts 


York from the New Jersey shore resorts. Hourly 
traffic during this time frequently exceeded 2,000 
vehicles in one direction. The viaduct which relieves 
this highly congested section is clear of all intersections 
at grade, provides at least two lanes for moving traffic 
in each direction, is high enough to eliminate the ne- 
cessity of draw bridges and, in addition, has reduced 
the distance to 3.7 miles. 


NEW FIELD SURVEY METHODS DEVELOPED 


In order to estimate the vehicle time saved by the 
viaduct it was necessary to measure the average trip 
time on the old route and upon the viaduct between the 
same points. The difference in average trip time mul- 
tiplied by the number of vehicles benefited represents 
the total vehicle time saved. The problem of measur- 
ing the average trip time on the old route was com- 
plicated by a wide variation in the frequency of bridge 
openings and in the volume of traffic throughout the 
day. It was necessary to time a sufficiently large num- 
ber of trips to determine the effect of bridge openings 
and volume of traffic. 

The method adopted involved the listing of vehicle 
license numbers at both ends of the route together with 
the time of passage of each vehicle to the nearest minute, 
and the subsequent matching of these license numbers 
so as to derive the trip time of each vehicle. The same 
method was followed to obtain the average trip time 
upon the viaduct. It was found that a record of only 
the last four digits of the license number, regardless of 
State of registration, was sufficient to identify a vehicle 
in all but a few exceptional cases. 

Observation stations were located as shown in figure 
1, each position having two stations, one for each direc- 
tion of traffic. For the time study on the old route, 


station 8 and station 1 were located at the west end of | 


the viaduct, east-bound vehicles being recorded at 
station 8 and west-bound vehicles at station 1. Sta- 
tions 4 and 5, for east-bound and west-bound traffic, re- 





(STIPPLED) AND NEW Viapuct Roure. 


spectively, were placed at the opposite end of the route 
on the west side of Tonnelle Circle. Vehicles were 
timed from station 8 to station 4, and from station 5 to 
station 1, and the average trip time between these two 
pairs of stations was compared with subsequent time 
observations on the viaduct. <A considerable volume 
of local traffic still uses Communipaw Avenue in travel- 
ing between Jersey City and Newark. In order to de- 
termine the time saved by this traffic as a result of 
diversion of through traffic to the viaduct, two addi- 
tional pairs of stations, 3 and 6, and 7 and 2, were 
located at the east and west ends, respectively, of this 
section of the route. Vehicles were timed from sta- 
tion 7 to station 3, and from station 6 to station 2 
For the time study of traffic on the viaduct only the two 
pairs of stations, 8 and 1 at the west end, and 4 and 5 at 
the east end, were used, with slight changes in location 
required by the new routing of traffic. 

As might be supposed, the field personnel necessary) 
to make such a study was large, particularly so on the 
old route, where eight stations were established. Dur- 
ing periods of heavy traflic a maximum of 38 men were 
employed, including supervisors. The arrangement of 
personnel at the various stations was adapted to the 
physical conditions existing and to the volume of traffic 
to be recorded. At each station it was necessary to 
record the volume of traffic, to list separately the license 


/numbers of passenger cars, trucks, and busses, and to 


call the time minute by minute. At the lighter traflic 
stations it was sometimes possible for one man to ser\ 
as timekeeper and truck and bus observer, but mort 
frequently it was necessary to increase the personne, 
especially the observers listing numbers. At the heavy) 
traffic stations two passenger-car observers and two 
truck and bus observers were required. Usually these 
obsei vers worked in pairs, one reading numbers to the 
other. At the west end of the viaduct where trailic 
was moving at a high speed, it was necessary to assign 
observers to each lane of traffic. In the time study 0! 
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traffic on the viaduct, lack of sufficient space at station 5 
made it impossible to record numbers at the point of 
observation, and observers reading numbers communi- 
cated by means of portable telephones with recorders 
stationed across the roadway. 

Recorders listing the license numbers were supplied 
with small cards, upon which were stamped the station 
number, the date and the time of day to the nearest 
minute. One card was used for each minute, and only 
the license numbers of vehicles passing during that 
minute were listed on a single card. At the beginning 
of each day’s work, all timekeepers’ watches were com- 
pared and set, and at frequent intervals during the day 
they were checked against a watch held by the general 
supervisor. 

In classifying trucks, it was impossible to draw a 
sharp distinction between light trucks and heavy trucks. 
Observers were instructed to classify trucks of 2!:-ton 
capacity or less as light trucks and all others as heavy, 
and reliance was placed upon their experience to make 
this distinction with reasonable accuracy. The classi- 
fication of individual trucks at entrance and exit sta- 
tions was found to be fairly consistent. 


FIELD METHODS RESULTED IN SATISFACTORY SAMPLES 


Theoretically, if the license numbers of half the 
vehicles passing are listed at random at each end of a 
given section of highway, one quarter of the cars can 
be identified and the travel time determined. In general 
terms, the percentage of cars identified at both ends will 
be the product of the percentages of the licenses listed 
at each end divided by 100. It is obvious that the 
number of probable matches decreases very rapidly as 
the efficiency in recording numbers is decreased. A 
further loss occurs when there are other entrances and 
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exits to the route, not covered by recording stations, | 


as Was the case particularly on the old route. 
fore, every effort was made to maintain a high efficiency 
in listing license numbers. After a short period of 
training a surprising speed in recording was developed. 
In heavy traflic the number recorded per minute on a 
single card consistently exceeded 20 and occasionally 
exceeded 30. 

The field study of the old route before the opening of 
the viaduct was made on September 24, 25, 26, 27, 28, 
and October 1 and 2, 1932. These dates included 2 
Saturdays, 2 Sundays, and 3 week days. Eight hours 
of observation were made each day, staggered from day 
to day to cover the hours of the day from 6 a.m. to 10 
p.m. When this schedule was completed, an examina- 
tion of the data revealed that the volume of traffic and 
the number of bridge openings during many of the 
hours of observation duplicated those of other hours. 
To avoid unnecessary clerical work, subsequent analysis 
was confined to a selected sample of 19 hours of east- 
bound and 18 hours of west-bound traffic covering a 
complete range in volume of traffic and bridge openings. 

Tabulation of this sample showed approximately 
“9,000 license numbers recorded at the eight stations, 
‘5,000 being for passenger cars. During the same hours, 
the traffic passing these stations totaled 128,000 vehicles, 
including 112,500 passenger cars. Of the license 
numbers listed 37,000 were matched, thus giving the 
trip time of 18,500 vehicles. On the average 77 per- 
cent of the passing vehicles were listed, and 29 percent 
of these vehicles were timed over the route. Even 
under the difficult conditions prevailing after nightfall 
the efficiency averaged 24 percent. Under the severest 
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test, heavy east-bound passenger-car traffic on 
night, a record of 17 percent was maintained. 

Because a very considerable proportion of the vehicles 
passing through Tonnelle Circle (stations 4 and 5) 
entered or left the route at Newark Avenue, where there 
were no observation stations, a fairer measure of the 
efliciency of the method is to compare the number of 
timed vehicles with the total traffic entering the west 
end of Communipaw Avenue through stations 7 and 
8 and leaving through stations 1 and 2. On this 
basis the average efficiency for the entire study was 
os percent. 

The High-Level Viaduct was opened to traffic on 
November 23, 1932. In order to allow traffic to adjust 
itself to driving conditions on the viaduct and also to 
obtain a wide range in volume of traffic, observations 
of trip time were not made until Saturday and Sunday, 
May 20 and 21, 1933. The method of observation 
was the same that described for the old route. 
Stations 1 and 8 were located at approximately the 
same points as in the previous study. Stations 4 and 
5 were placed at the junction of the viaduct and the 
two ramps leading to and from Tonnelle Circle. This 
point was about 500 feet west of the previous location, 
a move so slight that its effect on the comparative trip 
time could be safely ignored. No additional observa- 
tions of trip time on the old route were made, as the 
previous observations were sufficient to estimate the 


Sunday 


as 





TypicAL CONGESTION ON NEWARK AVENUE AT INTERSECTION 
Wirtx U.S. No. 1 Berore OPENING OF VIADUCT. 


trip time under the conditions existing on the old route 
after the viaduct was opened. 

The number of vehicles entering or leaving the 
viaduct between the stations was less than on the old 
route and the proportion of cars timed was therefore 
higher. During 11 hours of observation 29,700 license 
numbers were recorded at the 4 stations out of a pos- 


sible 34,000. Of the numbers listed 16,800 were 
matched, giving the trip time of 8,400 vehicles. On 


the average 87 percent of the passing vehicles were 
listed, and 49 percent were timed. 

The large number of licenses listed during the obser- 
vations on the old route and the variations in trip time 
caused by the bridge openings would have made the 
matching of numbers by inspection an almost impossible 
task. This work was greatly facilitated by the use of 
sorting and tabulating machines, the field record being 
transferred to punch cards and the matching accom- 
plished mechanically. The license numbers listed in 
the time study on the viaduct were matched by inspec- 
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FIGURE 2.— VARIATION IN THE Trip TIME OF PASSENGER CARS 
ON THE GROUND-LEVEL RouTE BETWEEN TONNELLE CIRCLE 
AND THE WeEstT END OF THE VIADUCT, WITH VOLUME OF TRAF- 
FIC AND FREQUENCY OF BRIDGE OPENINGS. 


tion as the number of them was much smaller with little | 


variation in individual trip times. | 


DEFINITE RELATION FOUND BETWEEN TRIP TIME, VOLUME or | 


TRAFFIC AND BRIDGE OPENINGS 

Data from the field records as analyzed and tabulated 
consisted, for each selected period of time and for each 
desired combination of stations, of a chronological 
listing of vehicles according to time of arrival at the 
entering station together with trip time to the leaving 
station. The fluctuation in trip time from minute to | 
minute could be observed and compared to variation | 
in traffic volume, and also, on the old route, to the | 
number of bridge openings. This tabulation was di- | 
vided into hourly periods arranged to give the greatest 
possible variation in traffic volume and the number of 
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bridge openings, and the trip times in each hour period | 


were averaged. 


The average times were then plotted | 


against traffic volume and bridge openings during the | 


corresponding periods. 

The traffic volume at the Hackensack River Bridge 
was used in estimating the average daily traffic on the 
old route. The openings of the two bridges were com- 
bined, the assumption being that the interruption to 
traffic was equivalent to that of one bridge. The 
graph indicated a definite relationship between trip 
time, traffic volume, and bridge openings, and a series 
of curves was fitted to the data by means of a multiple 
correlation to establish this relationship mathematically. 
Similar curves were fitted to the data for trip time on 
the viaduct. 
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VARIATION IN THE TRIP TIME OF PASSENGER Cars 
ON THE GROUND-LEVEL Route BETWEEN WEstT SIDE Park 
AND THE WEsT END OF THE VIADUCT, WITH VOLUME OF TRAFF! 
AND FREQUENCY OF BRIDGE OPENINGS. 


FIGURE 4.—VARIATION IN THE Trip TIME OF PASSENGER Cal! 
ON THE VIADUCT, WITH VOLUME OF TRAFFIC. 


These curves showed the effect of the volume 
traffic on the old route as measured at the Hackensa: 
River Bridge and the combined number of brid 
openings per hour at both bridges on the norma! trip 
time for passenger cars, light trucks, and heavy trucks 
between the west end of the viaduct and Tonne!le 
Circle, and also for the same classes of vehicles along 
Communipaw Avenue. Figures 2, 3, and 4 show curves 
for passenger cars only on the old route and on thie 
viaduct. The curves give the normal trip time on tlie 
old route for any combination of volume of traffic per 
hour from 0 to 2,200, and from 0 to 4 bridge openings 
per hour. They show the normal trip time on tlie 
viaduct for any volume of traffic from 0 to 2,200 
vehicles per hour. This range in traffic volume «nd 
rate of bridge openings covered all observed fluctuations. 

In order to establish the weighted average trip time 
throughout the day it was necessary to estimate accu- 
rately the volume of traffic during each hour of the (a) 
for the various classes of vehicles in each direction, nd 
also, for traffic on the old route, the average number 0! 
bridge openings for every hour of the day. Knowing 
this, the trip time for every hour of the day for «ny 
type of vehicle could be determined from the curves. 
The average trip time for each type of vehicle was 
obtained by multiplying trip time for each hour and 
for each direction by the number of vehicles for each 
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corresponding hour and direction, totaling these prod- 
ucts and dividing by the total number of vehicles of 
the given type for the day. Weighted average trip 
times of passenger cars, light trucks, and heavy trucks 
were thus obtained for week days, Saturdays, and 
Sundays and holidays. The trip time of busses was 
originally recorded separately, but the number of bus 
trips was insufficient to establish a definite relationship 
with traffic or bridge openings. As the busses consti- 
tuted a small percentage of total traffic, they were 
considered as passenger cars in this ans alysis. The trip 
time of busses appears to approximate very closely 
that of passenger cars, and if it is desired to estimate 
the time savings to busses, the trip-time curves of 
passenger cars may be used. 


It was evident that in order to establish reliable 
averages for traffic during each hour of the day careful 
estimates were necessary. Numerous traffic counts 


made by the State Highway Department were available 
for the year 1932. These records consisted largely of 
counts at the Hackensack River Bridge, made in 8-hour 
shifts, and gave the volume of traffic per hour in either 
direction, classified as passenger cars, light trucks, and 
heavy trucks. In numerous cases shifts were arranged 
to give a continuous 16-hour count and for several 
consecutive days 24-hour counts were available. From 
these counts it was possible to compute the normal 
percentage of total daily traffic in each 8-hour shift, 
und to raise all counts to their 24-hour equivalents. 


[TRAFFIC COUNTS CORRECTED FOR SEASONAL VARIATION BY USE 
OF HOLLAND TUNNEL RECORDS 


The first step in analyzing the available traffic 
records was to estimate the average daily traffic east- 
bowl and west-bound for week days, Saturday s, and 
Sundays and holidays. While the traffic records were 
large in number the counts had not been made on a 
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AVENUE Route Can BE SEEN aT THE RIGHT. 

schedule such that a simple average of counts would 
give proper weight to the seasonal variations in traffic. 
However, complete and detailed traffic records for 
every day in the year at the Holland Tunnel were made 
available through the courtesy of the Port of New York 
Authority. A comparison of the individual traffic 
counts at the Hackensack River Bridge (raised to a 
24-hour basis) with Holland Tunnel records for the 
same days, established that there was a constant ratio 
between the traffic volumes at the two points and that 
the seasonal fluctuations were similar. The average 
ratios of Hackensack River Bridge counts to Holland 
Tunnel counts were computed for both directions on 
week days, Saturdays, and Sundays and _ holidays. 
These average ratios were then’ applied to the 24-hour 
counts at the Holland Tunnel for the corresponding 
days (obtained from the complete year’s record) to 
estimate the average daily traffic at the Hackensack 
River Bridge as shown in table 1 

While large variations occurred in the total daily 
traffic in various months of the year, the percentage 
distribution through the hours of the day remained 
constant. It was possible to compute from these 
records a reliable index showing the percentage of 
total daily traffic traveling during each hour of the 
day for week ape Saturdays, and Sundays and holi- 
days for both ‘east-bound and west-bound traffic. 
These indices whe n applied to the daily traffic gave 
estimates of the average hourly traffic of all classes 
of vehicles. 

The New Jersey State Highway Commission main- 
tains accurate records of the operation of all draw 
bridges under its jurisdiction, which show the time of 
occurrence and the duration of every draw opening. 
An examination of the records for the Hackensack and 
Passaic River Bridges for 1932 showed that openings 
of 5 minutes’ duration greatly predominated, regard- 





TABLE 





1.—Estimates of average daily traffic at the Hackensack | 
River Bridge during 1932 
Ratio 
Hacken- Estimated 
Average sack average 
daily River daily 
Day and direction traffic, Bridge traffic at 
Holland traffic to Hacken- 
runnel Holland sack River 
Tunnel Bridge 
traffic 
Week day 
East-bound 14, 339 1.314 18, 800 
West-bound_. J 14,17 1.312 1s, 600 
Total ‘ " 28, 514 1,312 37, 400 
Saturday 
East-bound i. iivdeliciieancintel 15, 891 1. 244 19, 800 
West-bound-.. agi : 17, 467 1. 206 21, 000 
NB i abe doliie ‘ ; a 33, 357 1, 222 40, 800 
Sundays and holidays 
East-bound-_-___- 20, 747 1.191 24, 700 
West-bound_-.___- 19, 821 240 24, 600 
| 40, 568 1. 214 49, 300 
Total yearly traffic: Vehicles 
Holland Tunnel (recorded)_......___-_______. 11, 433, 847 
Hackensack River Bridge (estimated) ._._---- 14, 600, 0CO 


less of time of day, and the average duration of all 
openings was very nearly five minutes. Accordingly, 
the average opening was assumed to be 5 minutes, and 
computations were based on the number 
rather than their duration. As previously explained, 
the two bridges were treated as a single bridge 


| 
| 


2 (3 4 x (4 
Potal Number Trip time 
Hours traftic Amp Der | frip time) Number | Car-min 
Hacken- 0 bridge of passen- of nassen-| utes 
openings ger cars 
ick p } 2 5 . ger cars hour 
Bridge per hour minutes 
12 to 1 a.m 4120 0. 95 9.7 4 
1 to 2 a.m 2st \ 9.6 233 2, 2 
2to3a.m 0 s2 ‘2 10S 4 
3 to 4a.m 10 74 v1 00 S19 
{to 5a.m wt) a7 4 s4 “ 
5to6a.m 200 1. 39 9 101 O00 
6 to 7 a.m 160 2.20 11.0 263 >, ws 
7toS8 a.m S70 2.91 12.1 O72 6,9 
StoY¥a.m 120 2. 92 12. 5 TUS Yu 
9 to l0 a.m 240 Ov 13.1 GOS » 
10 to 11 a.m 210 25 13 SY7 l 
11 to 12 a.m 1, 130 3. 14 12.8 S29 0,¢ 
12 to 1 p.m sO 5. OO 12.7 715 1, ONE 
lto2 p.m sO) $27 12.5 710 &,S 
2to3 p.m #20 Ol 12.2 680 S, 2Y 
3to4 p.m 1, 100 2. 76 12.3 849 0.4 
4to5p.m 1, 380 2.73 13.3 1, 138 
5to6p.m 1, 430 2. 43 13.3 207 6,0 
6to7 p.m 1, 130 2.37 12. 1 156) t 
7 to8 p.m 1, 010 1.78 11.4 s44 ’ 
8 to 9 p.m S50 1.53 10.9 706 
9to 10 p.m 730 1. 22 10.5 Ys 
10 to 11 p.m is) 1. 44 10.4 437 44 
} llto 12 p.m 440 0. Sf 9.6 SUS s 
Total 18, SOO o4 J 14, 485 174, S> 
Weighted average trip time= 174,829 + 14, 485 2.1 minutes, 


of openings | 


The | 


combined average number of openings for every hour | 
of the day was computed for week days (including | 


Saturdays) ), and for Sundays and holidays. 
were included with week days, as openings on Satur- 
days were found to correspond closely with those of 
other week days. According to the New Jersey State 
Highway Commission, the total number of bridge 
openings of these two bridges during 1932 was less than 


Saturdays 
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in any other year since 1926 and was only one half the | 


number during 1929. There is every indication of an 
increasing number of openings in future years, and 
consequently more frequent interruptions to traffic. 


LARGE VOLUME OF TRAFFIC DIVERTED TO VIADUCT 


These data in conjunction with the estimates of the 
hourly volume of traffic were used to estimate the various 
average trip times during every hour of the day, and 
from these the weighted average trip times. Table 2 
shows the steps in the computation of the weighted 
average trip time on the old route between the west end 
of the viaduct and Tonnelle Circle for east-bound pas- 
senger cars on a week day. Column 1 of the table is 
the estimate of total hourly traffic at the Hackensack 
River Bridge, while column 2 is the average number of 
bridge openings per hour. The use of the figures in 
these two columns in conjunction with the trip-time 
curves, figure 2, results in the average trip time for 
each hour of the day, column 3. Car-minutes are ob- 
tained by multiplying ‘the trip time for each hour by the 
number of passenger cars per hour, column 4. The 
weighted average trip time for the day i is total car-min- 
utes divided by total cars, which in this case is 12.1 
minutes. 

Having established an accurate estimate of average 
daily traffic at the Hackensack River Bridge it was 
necessary to estimate the division of traffic at ‘the inter- 
section of Communipaw Avenue and the highway to 
Tonnelle Circle near West Side Park. Only scattering 


| the viaduct, traffic destined to the 
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TABLE 2.— Computation of 
east-bound 
between the 


weighted average trip time for week-day 
fraveling on the ground-level 
viaduct and Tonnelle Circle 


/ asset nge r cars 
west end of the 


roule 


counts were available at this point, but they were sulli- 
cient to establish a reliable percentage. 

The number of traffic counts at the Hackensack 
River Bridge after the opening of the viaduct was 
insufficient to set up accurate ratios with Holland Tut 
nel traffic. However, using the percentage distributio! 
of traffic through the hours of the day as determined 
from the previous records, it was possible to raise the 
traffic counts to estimated 24-hour traffic, and to cor- 
rect this estimate for seasonal fluctuations by means « 
the seasonal index for Holland Tunnel traffic. In no 
case did these corrected individual estimates diffe: 
materially from each other and it was felt that an ave 
age of them would indicate the daily traffic accuratel\ 
Table 3 shows these estimates of traffic before and aft: 
the opening of the viaduct. Estimates are given 
the volume of traffic between Tonnelle Circle and 1 
west end of the viaduct, and between West Side Pa x 
and the west end of the viaduct along Communipa\ 
Avenue. The total of these equals the estimated traf! 
at the Hackensack River Bridge shown at the right 0! 
the table. The difference in these two estimates, that 
is, the reduction in traffic volume on the oid route aft 
the opening of the viaduct, appears at the bottom 
the table. 


VIADUCT RESULTS IN LARGE SAVING IN VEHICLE TIME 


The great difference in the volume of traffic traveling 


between Tonnelle Circle and the west end of the via- 
duct, before and after the opening of the viaduct, mi) 
be considered as a measure of the traffic which has been 
diverted to the viaduct, and which unquestional)|) 
benefits by the saving in time between these poi! 

Table 3, however, shows that this difference in traffic 
to and from Tonnelle Circle accounts for only a part 
of the total reduction in traffic on Communipaw Ave- 
nue at the Hackensack River Bridge. This may be 
explained by the fact that previous to the opening 0! 
George Washing! 0 


' Bridge and towns north of Tonnelle Circle was routed 
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TABLE 3.—Daily traffic at the Hackensack Rive B rdge 


Circle and at t} 


and the 


DAILY TRAFFIC BEFORI 
I fr Ponne ( 

I el Ligt H 

yer car truck Truck 
Week day 41, 485 2 
Saturday. 23, 212 19 2 
Sundays and holiday sO. Fue GSS 2% 

DAILY TRAFFIC AFTER THI 
Week day THO s7F 634 
Saturday nie 2 j 
Sundays and holidays. 706 

DAILY TRAFFIC DIVERTI 

Week day ; 13, 695 1, 249 
Saturday . 21, 276 957 
Sundays and holidays 29, 800 j 85 


through West Side Park to Hudson Boulevard to reduce 
congestion at Tonnelle Circle. All such traffie is un- 
doubtedly now using the viaduct, and it is reasonable 
to assume that it benefits by a saving in trip time at 
least as great as that of the traffic which was routed 
through Tonnelle Circle 

Accordingly, two estimates have been prepared tol 
the total vehicular time saved by the viaduct. The 
first of these includes only savings to those vehicles 
which previously traveled between Tonnelle Circle and 
the west end of the viaduct, and is termed the minimum 
estimate. The second, or maximum estimate, is based 
on the total reduction of traffic at the Hackensack 
River Bridge, with the assumption that all of these 
vehicles have been diverted to the viaduct and benefit 
by a saving in trip time at least equal to that of the 
traffic previously routed through Tonnelle Circle. 

Table 4 is a comparison of the weighted average trip 
time of the various classes of vehicles before and after 
the opening of the viaduct. It is evident that in addi- 
tion to a considerable time saving to those vehicles 
which now use the viaduct, there is also a noticeable 
time saving per trip between various points on the old 
route because of the lessened volume of traffic 
existing. 

Table 5 is an estimate of the total vearly saving in 
vehicle minutes to this traffic. The average daily 
traffic multiplied by the saving per trip in minutes 
gives the average vehicle minutes saved per day and 
this multiplied by the number of days per year gives 
the total saving per year in vehicle minutes. For ex- 
ample, table 3 shows that on week days 790 passenger 
cars per day now travel on the old route between 
Tonnelle Circle and the west end of the viaduct. From 
table 4 the weighted average trip time for vehicles 
making this trip before the opening of the viaduct was 
12.0 minutes, and after the opening of the viaduct 11.0 
iuinutes, a saving of 1.0 minute per trip. Seven hun- 
dred and ninety vehicles per day multiplied by 1.0 
minute gives 790 vehicle-minutes saved each week 
day, multiplied by 254 gives an estimate of 201,000 
vehicle-minutes per year. The total yearly saving for 
all types of vehicles resulting from reduced traffic con- 
gestion on the old route is 5,542,000 vehicle-minutes 
per year. 


now 
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rmount of this t aff ente ng leaving the route at Tonnelle 
Vest Side Pa / 
OPENING OF THI 
I he Hacke k River Bridge 
I ] H ] ht Heavy &To 
truck truck : 
OTE , 780 4 650 s7, 400 
2 40% 2 } 710 2, 385 | 2 705 | 40, SOO 
{ i ” s 19, 300 
' 
PENIN OF THI! 
Le “ si 29) 7¢ j 16, 600 
xO4 4( s si3f Q04 17, 060 
44 ; 14( 2 308 10, 600 
ED TO THI Al 
Is F 1 54 7. ARt 804 31¢ 20, SOO 
604 map Sot <1, SSU 209 711 23, 800 
( a 7 sf) 1, O25 545 48, 700 
raABLE 4 S ag« p times in minutes 
: 
( 1) I I VEEN WEST SIDE PARK AND 
VIADUCT 
ICK Hea I h 
te 
A fte I re | After 
om Sa nen-| Open-| Sav- 
I ae ng jing ir 
€ aie via time 
asc duct 
t » { & Q oS 0. 7 
Pt ‘ Ss 9,2 s.4 m 
j s 0 ) 0.5 6.7 3.8 
IN GROUND-LEVEL RO E BETWEEN TONNELLE CIRCLE AND 
WES END OF VIADUCT 
Week d 0 0.9 14.9 14 0. € 
saturda 0 1.2) 18 14.5 § 
Sunday n 0 2.9 | 18 12.4 6.1 
ON GROUND-LEVEL RO I \ND VIADUCT BETWEEN TON- 
NELLE CIRCLE AND WES END OF VIADUCT 
Week day 2. » 26.4 14.9 | 27 7.4 
Saturda s i 2 6.4 7.8 15.3 3.4 ve 
Sur i) i ‘ 6. ¢ 7 18 &.0 10. 5 
On ground-level route 
On viaduct 


Table 6 is an estimate of the yearly saving prepared 
in the same manner for the vehicles which previously 
traveled on the old route between Tonnelle Circle and 
the west end of the viaduct and which now use the 
viaduct. This estimate, which has been termed the 
minimum estimate, is 49,130,000 vehicle-minutes per 
vear. To this is added the saving to vehicles still 
using the ground-level route, the final minimum esti- 
mate being 54,672,000 vehicle-minutes saved per year. 

Table 7 is an estimate of the yearly saving if the 
saving per trip is assumed to apply to the total reduc- 
tion in traffic on the old route, the maximum estimate. 
This estimate is 60,563,000 vehicle-minutes per year, 
or 66,105,000 when the saving to vehicles still using 
the ground-level route is added. In all of these tables 
the total estimated saving is a sum of separate estimates 
for passenger cars, light trucks, and heavy trucks, and 
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TaBLE 5.—Kstimate of time saved per 
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ground-level route after the opening of the viaduct 


BETWEEN TONNELLE CIRCLI 


year by ve hicle s using the 


AND THE WEST END OF THE 
VIADUCT 
Vehicle- minutes saved 
Daily “ é i " 
traffi : 
. Per day po wea Per year 

Week day: 

Passenger cars 7H 700 254 201, 000 

Light trucks it , ss 254 86, OOK 

Heavy trucks 634 t 80 2i4 17, 000 
Saturday: 

Passenger cars 1, 936 2 323 2 121, 000 

Light trucks_-. 23 2 283 2 15, 000 

Heavy trucks t4 s 5 2 27, 000 
Sundays and holidays 

Passenger cars rt { AR? 211, 000 

Light trucks ‘ 2.9 52 000 

Heavy trucks s 6, 000 
LBETWEEN WEST SIDE PARK AND THE WEST END OF THI 

VIADUCT 

Week day 

Passenger cars 0, 500 0.¢ 6, 300 254 1, 600, 000 

Light trucks 1, 600 7 a 254 284. OOO 

Heavy trucks 2, 700 7 1, 890 254 480, 000 
Saturday: 

Passenger cars 11, 804 7 8, 32¢ 2 $33, 000 

Light trucks 40 s 752 2 :0, 000 

Heavy trucks 1, 353 s 1, OS2 2 56, 000 
Sundays and holidays 

Passenger cars 0, 144 0,17 ) TSO, 000 

Light trucks . - { ) t ) 38, OOO 

Heavy trucks 292 Ss 1,110 ) 65, 000 


Total vehicle-min 
Passenger cars 
Light trucks 
Heavy trucks 


Total 


TRAFFK 


utes saved pe r year 


+, 346, 000 
165, 000 
731, 000 


5, 542. 000 


mA 


DELAYED ON COMMUNIPAW 





these estimates are shown in detail. The yearly 
savings for the various classes of vehicles for the mini- 
mum and maximum estimates are summarized in 
table 8. 

The construction cost of the viaduct was approxi- 
mately $19,300,000. In the original economic study 
by the State authorities it was assumed that the money 
value of the prospective savings could be capitalized 


TABLE 6 Vinimum estimate of t 


; 
CVIOUSLY traveled on ti 


saved per year by vehicle ~ 
ground-level rouie hetwee? 


Tonnelle Circle and the west end of the viaduet 
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Vehicle-minutes saved 
NY ‘ 
D \1 t 
. tu umbe 
. ‘ Per day pep ney Per year 

Week day 

Passenver t 6u 6.3 86, 27S 254 (21, 915, OO 

Light truck 249 4, 368 254 | 2.379, 000 

Heavy trucks é 4 4, 738 254 | 2. 474, 000 
Saturday 

Passenver rs 21, 27¢€ fi. 4 l 166 92 | 7, OR1, OOK 

Light truck s 7, 46 9 388, OOO 

Heavy truck ; A 5, 475 52 285, 000 
Sundays 1! 

Passenger r 9 mi & 0 238, 400 ¥ +14, 065, Obt 

Light truck 1.3 4,89] 9 | 289, 000 

Heavy truck 41' 10. 5 4, 305 59 | 254, 000 

Total vehicle-minultes saved per year 
Passenger Light Heavy i 
oO 
irs trucks trucks - 
On the viaduct . 43, 061, 000 3, 056, 000 3, 013, 000 49, 130, OOK 
On the ground-level route 4, 346, 000 465, 000 731, 000 4, 542, OOF 
rot 47, 407, 000 s, 521, OOO 3, 744, 000 54, 672, OF 
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plete picture of traffic congestion on the old route. The 
intensity of this congestion during hours of peak traffic 
is illustrated by the time study on Sunday evening, 
October 2. From 6:30 p.m. on that day to 9:00 p.m. 
east-bound traffic toward New York on Communipaw 
Avenue exceeded 1,800 vehicles per hour and reached a 
maximum of 2,100, while the bridges were opened 
four times for a total of 20 minutes. The average trip 
time of passenger cars from the west end of the via- 
duct to Tonnelle Circle for the whole period was 29 
minutes, while the trip along Communipaw Avenue 
required 19 minutes. During a comparable period on 
the viaduct, Sunday, May 21, 1933, the volume of 
east-bound traffic toward New York was equally heavy, 
but the average trip time of passenger cars was only 
6.7 minutes, and traffic congestion was not noticeable. 

The curves for average trip time of passenger cars on 
the old route in figure 2, should be compared with the 
same curve for the trip time on the viaduct, figure 4. 


| On the old route, even without bridge openings, the 
| . . . . . : : . 
|curve for trip time rises very rapidly when the traffic 


volume exceeds 1,300 vehicles per hour, indicating 
congestion beyond that point. On the viaduct, how- 
ever, the curve of trip time does not show any such 
marked increase up to 2,200 vehicles per hour, the 
maximum traffic observed. On the old route during 
the average week day, traffic exceeded 1,300 vehicles 
per hour in one direction or both during 2 hours of the 
day, on Saturdays during 5 hours, and on Sundays and 


| holidays during 13 hours, and the average trip time of 


vehicles diverted to the viaduct from Communipaw Avenus 
Vehicle-minutes saved 
\ es 
Daily linut . 
vebicles saved 
: ? er trip . Number | ,, 
I P | Per day | “Sraave | Per year 
Week day 
*assenger car 17, 680 6.3 111, 384 4 (28, 292, 00K 
Light trucks... 1, 804 7.5 13, 530 254 | 3, 437, OO 
Heavy trucks 1, 316 7.4 9, 738 254 | 2, 473, 000 
Saturday 
Passenger cars 21, 880 6.4 140, 032 52 | 7, 282, OO 
Light truck oF 1, 209 7.8 9, 430 52 490, 000 
Heavy trucks 711 7.7 5, 475 52 285, OOK 
Sundays and holiday 
Passenger cars 37, 130 8.0 297, 040 9 17, 525, 000 
Light trucks 1, 025 7.3 7, 482 59 441, 000 
Heavy trucks 545 10. 5 5, 722 59 338, 000 | 
| 
Total vehicle-minutes saved per year 
Passenger Light Heavy 1 
cars trucks trucks —_ 
On the viaduct 43, 099, 000 4, 368, 000 3, 096, 000 60, 563, 006 
On the ground-level route 4, 346, 000 465, 000 731, 000 5, 542, OO 
otal. .... ‘ 57, 445, 000 4, 833, 000 3, 827, 000 66, 105, OOK 
TARI ES Summa j of } minutes saved per year by ly pe 
; / cle 
| 
Passenger cars 47, 407, 000 57, 445, 006 
Light trucks ; 3, 521, 000 4,833, 000 | 
Heavy trucks... 3, 744, 000 3, 827, 000 | 
| 
: — | 
rotal 54, 672, 000 66, 105, 000 


at 6 percent to obtain the sum which might justifiably 
be spent for the contemplated improvements. Six 
percent of the actual construction cost is $1,158,000, | 
and in order to justify the construction of the viaduct 
on the basis of the above minimum and maximum 
estimates a vehicle-minute must be valued at 2.12 or 
1.75 cents 


CONSTRUCTION OF VIADUCT ADVANTAGEOUS TO TRAFFIC ON 
OTHER ROUTES 


It is emphasized that the above estimates of time 
saved do not include all the savings which may be 
credited to the viaduct. No estimate of the value of 
shortened travel distance has been made, and the 
traffic on the viaduct to which the average saving in | 
trip time was applied is not the total volume of traffic 
actually using the viaduct. For the maximum estimate | 
the volume used was 20,800 per day for week days, | 
23,800 per day for Saturdays, and 38,700 per day for 
Sundays and holidays. From the most recent counts 
made on the viaduct it is probable that the actual 
traffic for these days is 30,000, 35,000, and 45,000 
vehicles per day. The viaduct undoubtedly has at- 
tracted a considerable volume of traffic which pre- 

iously avoided the route entirely because of the | 
ongestion, and while no estimate is possible of the | 
aving in time enjoyed by this additional traffic, it | 

iust be considerable. There is also every reason to 
believe that the traffic on the viaduct will increase 
during the next few years to a volume which could not 
lave been adequately served by the old route. 

Neither the gross figures of estimated savings nor 
the saving in the average time per trip gives the com- 
—34 2 


35016 





passenger cars during these hours was 13.2, 14.6, and 
17.9 minutes, respectively. On the viaduct during 
these same hours the average trip time was 5.8, 6.0, 
and 6.3 minutes. 

The volume of traffic on the old route has been so 
much reduced that even during the periods of heaviest 
traffic it does not exceed an average of 600 vehicles per 
hour in one direction on Communipaw Avenue and 


| probably not more than 100 vehicles per hour on the 


section north from Communipaw Avenue to Newark 
Avenue. The result is much greater freedom of move- 
ment for local traffic, particularly at the previously 
congested intersections. The improvement of condi- 
tions at the junction where Newark Avenue crosses the 
old route is an illustration of such an advantage. 
Newark Avenue (see fig. 1) is the principal artery to 
Jersey City and the Holland Tunnel for two important 
local routes from the west: the Belleville Turnpike, 
serving the suburban communities of Montclair, Glen 
Ridge, Bloomfield, and Belleville; and the Jersey City 
and Newark Turnpike, serving the northern section of 
Newark and the Oranges. In consequence, there is a 
considerable volume of traffic on Newark Avenue west 
of its intersection with the old route, only a compara- 
tively small amount of which has been attracted to the 
viaduct. East of the intersection, the volume of traffic 
is considerably less, as a large part of the east-bound 
traffic turns left from Newark Avenue and proceeds 
through Tonnelle Circle, while the west-bound traffic 
is increased by a number of vehicles from Tonnelle 
Circle turning right into Newark Avenue. Previous to 
the opening of the viaduct, the large volume of east- 
bound traffic and the heavy left-turn movement, in 
conflict with an even larger flow of cross traffic were 
the cause of a great deal of congestion. Traffic was oc- 
casionally blocked in a standing line as far east as 
Tonnelle Circle, a distance of nearly one half mile, while 
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east-bound traffic on Newark Avenue not infrequently 
was blocked in two lanes for more than one quarter of 
a mile. 

The transfer of through traffic to the viaduct has 
largely eliminated congestion at this intersection and 
has resulted in a material time saving to traffic using 
Newark Avenue. The relative magnitude of this saving 
was obtained from detailed studies of travel time on 
Newark Avenue during several hours of peak traffic in 
the first and second general time studies. An electric 
time-recording device was used to determine the travel 
time of vehicles to the nearest second over a distance 
which included all waiting and delay at the intersection. 
East-bound traffic was timed through the intersection 
from a point approximately 800 feet west, while west- 
bound traffic was timed from a point about 350 feet 
east of the intersection. 

The time previously required for the average vehicle 
on Newark Avenue to travel these distances during 








hours of peak traffic was 74.9 seconds east-bound and 
56.3 seconds west-bound. These averages are based on 
movement of 4,700 vehicles east-bound and 1,200 ve- 
hicles west-bound, and the average hourly flow during 
the observations was 800 and 300. After the viaduct 
was opened, 2,500 east-bound vehicles averaged 34.6 
seconds over the same distance and 400 west-bound 
vehicles averaged 22.4 seconds. The corresponding 
hourly rates were 700 and 250. This indicates that for 
nearly the same volume on Newark Avenue there has 
been a reduction in the time required to pass through the 
intersection of 40.3 seconds per car or 53 percent for 
east-bound traffic, and 33.9 seconds or 60 percent for 
west-bound traffic. These results apply to only a 
limited period of observation, and no effort was made to 
calculate the saving on a yearly basis. It is clear, how- 
ever, that it constitutes a very considerable item of 
incidental benefit resulting from the new viaduct 
construction. 














RESULTS OF STUDIES ON ROGUE RIVER BRIDGE REPORTED 


The final report on Application of Freyssinet Method 
of Concrete Arch Construction to the Rogue River 
Bridge in Oregon, by Albin L. Gemeny, of the Bureau of 
Public Roads, and C. B. McCullough, of the Oregon 
State Highway Commission, has been published as Bul- 
letin No. 2 of the Oregon State Highway Commission. 

In the Freyssinet method hydraulic jacks are placed 
in open radial joints appropriately located in arch ribs 
and used to produce deformations in the arch. 

The deformations are controlled so as to produce the 
most desirable distribution of stress in the ribs, elimi- 
nating or mitigating the effects of volume changes in 
the concrete, foundation movements and the indeter- 
minate effect of the spandrel structure. The jacks 
may be placed at one or more joints. For symmetrical 
arches a joint at the crown is usually sufficient. After 
the arch has been adjusted to the desired position, the 
joint is filled and the jacks removed, after which the 
structure acts as the usual type of fixed arch. If there 





is reason to believe that future adjustments may be 
necessary the jack emplacements may be preserved for 
this purpose. 

The Rogue River Bridge is a Federal-aid project con- 
structed jointly by the Bureau of Public Roads and 
the Oregon State Highway Commission. It consists of 
seven 230-foot spans with a 3-span central group on 
elastic piers and a 2-span group at each end. 

During the jacking operations careful measurements 
were made of deformations and strains which occurred 
in the arches so that, at all times, the effect of the jack- 
ing was known. The report contains these data in the 
form of charts and tables. 

Satisfactory results were obtained with the Freyssinet 
method in economy of bridge construction and also 
from the standpoint of certainty of stress action. 

The Bureau of Public Roads has available a limited 
supply of the report for distribution to libraries, high- 
way bridge engineers, and instructors in bridge design 
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THE EFFECT OF CONTROL METHODS ON 


TRAFFIC FLOW 


Reported by E. H. HOLMES, Assistant Highway Economist, Division of Highway Transport, United States Bureau of Public Roads 





F1iGureE 1. 


TREET and highway intersections not only deter- | 

mine the capacity of the intcrsecting ways, but | 

also may cause serious delay to traffic. The inter- | 
section of Constitution Avenue and Seventeenth Street 
in Washington, D.C. (fig. 1), offered unusual oppor- 
tunity to analyze the delay caused by different con- 
trol methods to a moderately heavy flow of traffic. 
This is but one of a series of intersection studies now 
being conducted by the Bureau of Public Roads, but 
the methods used in the collection of the data and the 
results obtained seem to justify a special report on this 
particular study. 


VOLUME OF TRAFFIC NEARLY CONSTANT DURING PERIOD 
OF STUDY 

The steady flow of traffic, both passenger and com- 
mercial, a flexible control mechanism and the absence of 
other controlled intersections in the vicinity made this 
an ideal intersection for such a study. In addition to 
vehicle-actuated control, the mechanism permitted 
fixed-time control with intervals on either street ranging 
from 15 seconds to 70 seconds, irrespective of the 
interval length on the other. Cooperation of the Park 
Police made possible the use of officer control, and also 
the study of traffic under no-control. The one-way 
street entering from the park (fig. 2) was shut off during 
the study, to provide a true four-way intersection. 

The hours selected for the study were from 9:30 a.m. 
to 4:15 p.m. This period excluded the morning and 





afternoon rush hours and permitted the timing of a 
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INTERSECTION OF CONSTITUTION AVENUE AND SEVENTEENTH STREET. 


TRAFFIC MOvING ON CONSTITUTION AVENUE. 


volume of traffic nearly constant at about 2,000 vehicles 
per hour. During this period the effects of left turns 
and of pedestrian movement, often considerable factors, 
were negligible. Rush hour traffic was neglected, be- 
cause the intent of the study was to compare the time of 
vehicles under a constant volume with variable control 
methods, rather than to determine how the time might 
vary with volume; and because the rate of change of 
volume was so great during the rush hour that the flow 
would not remain constant over a long enough period to 
permit analysis of the lost time for any given volume. 

In the passage of traffic through an intersection, time 
may be lost in stopping, in deceleration and acceleration, 
and possibly in slower than normal driving in anticipa- 
tion of a signal change. The distance within which 
these delays occur may be called the zone of influence of 
the intersection and varies in length with the inter- 
section, and with the speed of traffic. A graphic time 
recorder was used to record all vehicles as they entered 
and left the zone of influence, from which the average 
time per vehicle was determined as described in the 
Appendix. 

During the course of observations at this intersection, 
carried on during the summer of 1932, the movement of 
traffic under no-control, officer control, vehicle-actuated 
control, and under 17 different fixed-time controls was 
studied. Each timing or control method was studied 
for a minimum of 2 to 3 hours, while certain control 
methods were observed for two or more days. The 
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time spent in actual collection of data amounted to 
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about 56 hours, during which over 100,000 vehicles | 


were timed and otherwise noted during their passage 
through the intersection. 


Analysis of the time recorder charts showed the time | 


of passage for the average vehicle entering on each of | 


the four ways for each control method. These results 
are summarized in table 1, together with the average, 
weighted according to the number of vehicles, for each 
street and finally for the entire intersection. Since 
Constitution Avenue carried, roughly, twice the volume 
on Seventeenth Street, those control methods which 
gave a lower time for the Constitution Avenue traffic 


showed a correspondingly low figure for the average | 


time for all vehicles. 


TABLE 1.— Average time of vehicle passage through zone of influence 
of intersection in seconds 























Timing | Constitution Avenue | Seventeenth Street 
| } | Both 
| Consti- Seven- | Both Both | streets 
tution | teenth| West East direc- North | South | direc- 
| Avenue} Street tions | | tions 
ieee ee 1, on | Se! SE ee, Se, Se 
| () | @) | 23.8 | 25.9 24.9 | 30.1 | 28.2 | 29.1 26.3 
| (a) (2) 2.8 | 2.1 | 2.0 | 346 | 332 | 339 | 29.9 | 
|} 15 15 | 29.3 2.2 | 30.9 | 32.6 | 32.9 32.8 31.5 | 
@e | & 28.9 30. 6 29.8 | 35.3 | 35.3 | 35.3 | 31.6 | 
| 20 20 | 31.4 | 324 31.9 | 33.5 | 320 | 327 | 322 
40 7 | 27.6 | 29 | 223 | 420 | 41.2 | 41.6 | 327 
30 15 | 29.5 | 30.7 | 30.2 | 41.1 | 39.7 | 404 | 33.5 
30 | 20 30.4 | 31.3 30.9 41.0 38.3 39. 6 33.8 
} 15 | 30 | 35.8 | 38.0 | 37.0 | 309 | 29.1 30.0 | 34.9 | 
| 301] 30 | 33.7 34.8 | 343 | 37.2 | 35.5 | 36.2 | 349 | 
|} 40 | 30 | 31.3 | 33.3 | 324 | 41.5 41.7 | 41.6 | 35.3 | 
20 | 30 37.0 | 36.6 36.8 | 36.0 34.3 | 35.1 | 36.2 
60 | 30 | 229 | 309 | 30.5 51. 4 50.8 | 51.1 | 37.1 
40 | 40 | 36.9 | 380 | 37.3 | 38.9 | 389 | 38.9 | 37.8 
70 30 | 2.4 | 29.0 | 28.7 | 61.1 | 55.7 | 583 | 39.0 
| 50 50 | 41.7 | 409 | 41.3 | 40.6 | 40.2 | 40.4 | 41.0 | 
| 60 45 | 35.9 | 38.4 37.3 | 51.1 49.5 | 50.3 | 41.4 | 
30 50 | 46.0 | 46.8 | 46.4 | 329 | 320 | 325 | 41.6 | 
60 60 | 44.1 | 45.1 | 44.6 48.6 | 45.3 47.0 | 45.4 | 
30 70 | 861 | 57.3 | 567 | 326 | 31.7 | 32.1 | 48.6 | 
AVERAGE VEHICLES PER HOUR 
| | | os | on | rary 
posnene- Feorwenes | 625 740 | 4088 320 | 350 | 670 | 2.035 
' | } 





1 No control. 
2 Officer control. 
3 Traffic-actuated control. 


SHORT LIGHT INTERVALS BEST UNDER FIXED-TIME CONTROL 


From the figures in table 1 there has been derived the 
following equation: 


T=26.4+0.042+0.28y (1) 
where 7'= time for the average vehicle to travel 600 feet, 
including the intersection. 
x=green interval on Constitution Avenue (in- 
cluding 3-second amber overlap). 
y=green interval on Seventeenth Street (in- 
cluding 3-second amber overlap). 


The equation was obtained from a multiple correlation 
of three variables, one 7, dependent, and the others, 
xz and y, independent variables. 

This equation shows that lengthening the light inter- 
val on either or both streets increases the average time 
of passage. It is to be expected that lengthening the 
interval on Seventeenth Street, which carries only one 
third of the traffic through the intersection, would 
increase the time of the average vehicle since stopping 
the heavy traffic to permit the light traffic to flow must 
necessarily result in an increased time per vehicle when 


| FigURE 2.—PLAN OF INTERSECTION OF CONSTITUTION AVENUE 
AND SEVENTEENTH STREET 


| Constitution Avenue, the heavily traveled street, also 
| results in an increased time for the average vehicle. 
| Comparison of the actual time period for various 
light intervals with the time periods derived with 
equation 1 shows that through the middle of the range 
| of light intery als studied the actual values are less than 
| the theoretical, whereas in the upper and lower ranges 
the actual times are higher. 

It is probable that decreasing the light interval below 
| a certain figure would result in increasing the running 
time, and that inordinately long intervals increase the 
running time disproportionately. Figures 3, 4, and 5 
show the effect of varying the light interval. Figure 3 
shows the effect of increasing the cycle length, using the 
same cycle on both streets. With an interval length of 
15 seconds (12 green plus 3 green and amber) on each 
street, or a total cycle length of 30 seconds, the average 
vehicle requires 31.5 seconds to traverse the zone of 
influence of the intersection. Maintaining this same 
1 to 1 proportioning, a cycle of 120 seconds increases 
the running time to over 45 seconds per vehicle, an 
increase of nearly 50 percent. 


NO ADVANTAGE IN FAVORING HEAVILY TRAVELED STREET WITH 
EXTREMELY LONG INTERVALS 


Figure 4 shows the variation in the running time on 
each street as the green interval length on Constitution 
Avenue is varied while the green and amber interval! 
on Seventeenth Street remains constant at 30 seconds 
The average vehicle time on Constitution Avenue be- 
comes less as the interval length is extended up to about 
40 seconds, after which the rate of decrease in runnin; 
time becomes increasingly less. Meanwhile the tim: 
has been increasing for the vehicles using Seventeent! 
| Street, with the result that above a 40-second interv: 
on Constitution Avenue, the time for the average ve 
hicle begins to increase, even though the more heavil 
traveled street is the one favored by the control. Fis 
ure 6 shows accumulated traffic during a long ligh 
interval. 

Figure 5 shows the effect of increasing the light int 
val on the lightly traveled street, while that on tl: 
heavily traveled street remains constant. Here th 
effect noticed in figure 4 is more marked. While th 
time of the average vehicle on Seventeenth Street di 
creases but slightly through the longer interval length 





the average is appropriately weighted. What is not 
expected, however, is that extending the interval on | 


| the time per vehicle on the heavily traveled stre 


mounts very rapidly, and necessarily results in a ve! 
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Figure 3 RELATION BETWEEN LiGcutr INTERVAL (SAME 
INTERVAL ON Boru STREETS’) AND AVERAGE TIME OF PASSAGE 
FOR BoTH STREETS. 








Figure 4.—Errecr oN TIME OF PASSAGE OF VARYING LIGHT | 
INTERVAL ON CONSTITUTION AVENUE WITH LiGHT INTERVAL 
ON SEVENTEENTH STREET Kept Constant aT 30 SECONDS. 
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rapid increase in the average time per vehicle for the 
entire intersection, when the times are weighted accord- 
ing to the volume on each street 

These curves show very definitely that there is no 
advantage in favoring the heavily traveled street with 
extremely long intervals. When, following the appear- 
ance of the green light, the waiting vehicles have been 
cleared out and the retarding effect of the stopped vehi- 
cles on those immediately following them has disap- 
peared, the flow of traffic through the intersection be- 
comes the uninterrupted normal flow on the street. 
Further maintaining of the green interval does not re- 
sult in a material saving of time to vehicles on this street, 
while the aggregate delay to those vehicles waiting on 
the other street is mounting more and more rapidly. 

That unduly long cycle lengths are a hindrance to 
the free flow of traffic cannot be too strongly empha- 
sized. Table 2 summarizes for easier comparison cer- 
tain figures from table 1 


PaBLE 2.—Effect of cycle length on time of vehicle passage through 
f } c 
areen and amber inter- Rat 
s { 
‘ 4 Ax 
Constitu- Se Seve 
Ave 
nue Street Street 
Se < 
6 ] 45.4 
) 7 4x 
UU - 
l 1 2 34.9 
60 2 57. 1 


Table 2 reveals that the fastest movement under fixed 
time is attained with a setting of 15 seconds on each 
street, and that the slowest movement is when the con- 
trol is set at 70 seconds on Seventeenth Street and 30 


| seconds on Constitution Avenue. This time, however, 


is but little higher than that for an interval of 60 seconds 
on each street. The 60—60 setting is at one extreme, 
while the 15—15 is at the other; the interval ratio is 


| the same but the passage times are the lowest and prac- 


tically the highest, respectively 
With a signal setting of 30 seconds on Constitution 
Avenue and 15 seconds on Seventeenth Street, the time 


| per vehicle is 33.5 seconds. Reversing the timing 


| 


Figure 5.—Errect on TIME oF PassAGE OF VARYING LIGHT 
INTERVAL ON SEVENTEENTH STREET WITH LiGHT INTERVAL 
oN ConsTITUTION AVENUE Kept ConsTANT AT 30 SECONDS. 








| as short as practicable 


| conditions on the two streets permits the average ve- 


hicle to traverse the zone of influence in 34.9 seconds, 
an increase of 1.4 seconds per vehicle. Using the same 
ratio but with a setting of 60 seconds on Constitution 
Avenue and 30 seconds on Seventeenth Street, the 
average vehicle time is 37.1 seconds, an increase of 3.6 
seconds over the 30—15 setting. Lengthening the cycle 
in this case produced a greater increase in the time per 
vehicle than reversing the interval on the two streets 
while retaining the short cycle. At this intersection, 
it was more important that the cycle be kept short 


| than that the time within the cycle be correctly pro- 


portioned. It is understood, of course, that this is not 
a general statement to include all conditions. Obvi- 
ously it cannot be said that with congested traffic, the 
proportioning is immaterial, but it is strongly empha- 
sized that under any conditions the cycle must be kept 
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Figure 6.—Lone Licut INTERVALS UNDER FIxEep ConTROL 
RESULTED IN WAITING LINES AND HiGH AVERAGE VEHICLE 
TIME. 


FLEXIBLE CONTROLS PRODUCE RAPID VEHICLE MOVEMENT 


The study of each control setting covered a period of 
at least 2 hours. This was considered satisfactory for 
the fixed times, since the movement was very regular, 
but more study was devoted to the flexible control 
methods to insure that no special condition might in- 
fluence the flow of traffic, which by nature of the control 
would be somewhat variable. Accordingly, studies of 
officer control included some 7,200 vehicles, those made 
without control covered approximately 11,300 vehicles, 
and those under traffic-actuated control covered over 
20,000 vehicles. Of the three flexible methods, opera- 
tion without control produced the fastest movement, 
officer control produced the next fastest, and the traffic- 
actuated resulted in the slowest movement of the three. 
All three, however, produced a faster movement than 
any of the fixed-time controls with the exception of the 
15-15 setting. 


No-control offers the highest degree of flexibility of 
movement possible, since vehicles from a number o 
entering ways may be in the intersection at one time. 
There is, of course, a limit to the volume which an un- 
controlled intersection may handle, but this limit was 
above the range of these observations. During the 
study rates of over 1,000 vehicles per hour for 15-minute 
periods in one direction on Constitution Avenue and of 
over 600 per hour on Seventeenth Street in one direction 
were recorded. On a per lane basis this would be over 
300 per hour per lane for each direction. 


The maximum rate for the entire intersection re- 
corded for any one 15-minute period was 2,260 vehicles, 
divided as follows: Constitution Avenue west-bound 
740, east-bound 710; Seventeenth Street north-bound 
430, south-bound 380. On a per lane basis these fig- 
ures become (approximately) 250, 240, 220, and 190 
vehicles per hour. Assuming that these figures per 














lane can be applied to a simple 2-lane intersection, 
the volume would be then 900 vehicles per hour, with 
55 percent on the beavier street. For a 4-lane intersec- 
tion, these average figures per lane represent an hourly 
rate of 1,800 vehicles per hour. Such a comparison 
must be considered as merely an indication, however, 
since the operating characteristics of a 2-lane or of a 
4-lane intersection might be quite different from those 
of this 6-lane and 4-lane intersection. 

During the studies no accident or even near-accident 
was noted. ‘Toward the late afternoon, when the traffic 
began increasing, free movement became more difficult 
and some confusion was apparent. During this period 
of heavier traffic the vehicle time did not show any 
marked increase, but it was obvious that a further in- 
crease in traffic would increase the confusion to the point 
of congestion. The vehicle time for the no-control 
method was considerably less than that for officer con- 
trol, the next fastest, which appears to be due to the 
small number of stopped cars. The shortest light con- 
trol, and the most efficient officer contro] must stop 
some vehicles while under no-control almost all vehicles 


| keep moving. Vehicle movement under the traffic con- 


ditions studied here, even with the necessary slowing 
down, is bound to be faster than any sort of regimented 
movement. 

AUTOMATIC TRAFFIC LIGHT ADAPTS CONTROL TO CHANGING 

CONDITIONS 

The officer assigned to direct traffic during this study 
was exceptionally able and active, and while no doubt 
his efficiency was increased by his knowledge that the 
vehicles under his direction were being timed, he would 
unquestionably direct traffic in a highly efficient manner 
regardless of scrutiny. He used a semaphore, common 
to Washington, for indicating the movements, and com- 
pelled observance of his signals by vigorous use of his 
whistle. The longest tour of duty was approximately 
2 hours, but he believed that with opportunity for a 
short rest period at about 2-hour intervals he could 
maintain this same efficiency throughout an entire day. 
These studies may not be typical of what an average 
officer does, but they show what an efficient officer can 
do. The time per vehicle was 3.6 seconds more than 
that under no-control, but was 1.6 seconds per vehicle 
less than the fastest light-control method. 

The traffic-actuated control is listed fourth in order 
of time per vehicle, following the 15-15 setting of the 
fixed time, but the times of the two are practically 
identical, 31.5 seconds for the fixed time control and 31.6 
seconds for vehicle-actuated light control. The 15-15 
setting was entirely satisfactory for the volume of 
traffic present. It is doubtful if this short cycle would 
be effective in very heavy traffic, due to the tendency 
of vehicles to run through the amber and into the 
red interval under such conditions. Such action was 
noticeable for the extremely short cycle lengths, even 
with the moderately heavy traffic encountered during 
these observations. With an impatient rush-hour 
traffic such disregard of the signal would result in 
dangerous confusion. 

It is emphasized again that it is not intended to prove 
by this study that any one type of control is superior 
to all others under a variety of conditions. The 
purpose is to find what specific conclusion can be 
reached from a study under fixed conditions except for 
cycle arrangement. The fact that one fixed-time 
cycle shows a time per vehicle of slightly less than that 
for the traffic-actuated control under the same condi- 
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tions should not be considered so significant as the 
fact that the shortest fixed-time cycle shows the least | 
delay of all the fixed-time cycles. The most important | | 
feature of traffic-actuated control is its extreme flexi- | 
bility, and the automatic adaptation to changing | 
conditions. It is significant that this flexible control 
automaticaliy adjusted itself to practically the same 
efficiency as that of the fixed-time control best adapted 
to the conditions existing during the hours studied at 
this particular location. In addition, it was always 
ready to control traffic of a different pattern with equal 
efficiency. No intersection operates under the same 
traffic conditions from day to day, and but few from 
hour to hour. 


OPERATION OF AUTOMATIC CONTROL DESCRIBED | 


A brief description of the operation of this traffic- 
actuated control will aid in understanding the signifi- 
cance of the figures in following analyses. The signals 
themselves are the same as in any other light control, 
but instead of being actuated by a cam or other con- 
stant-speed mechanism, the changes are actuated by the 
vehicles passing through the intersection. The interval 
lengths are determined by the vehicles approaching the 
intersection, which results in continually varying cycle 
lengths. The particular device used is ingenious in 
conception and simple in operation, the various phases 
of the signal being initiated by the functioning of 
electric condensers in the control mechanism. 

Assume that traffic is flowing on street A, and no 
traffic is waiting on street B. This traffic will continue 
to flow without interruption until the arrival of a car on 
street B requires the right-of-way for that street. On 
crossing a detector placed at some distance from the 
intersection (see fig. 1), the car on street B imparts an 
impulse to the control mechanism, after which street B 
receives the green signal by virtue of one of two reasons. 
First, a gap may occur in the traffic on street A. If 
this gap in traffic is of such length that no vehicle 
crosses the detector on street A for a period equal to 
the ‘‘vehicle interval’, the length of which may be 
varied in the control mechanism, the right-of-way is 
given to street B immediately. If no such gap occurs 
in the traffic on street A, the right-of-way will revert 
to street B after a certain time called the “maximum 
interval’, which also may be varied in the control 
mechanism. 

One other feature of importance is the ‘‘initial 
interval.’ This period is to allow stopped vehicles 
waiting for the signal change a greater time to clear the 
intersection than is necessary for vehicles crossing the 
detector at a normal driving speed. 

The efficiency of this equipment depends to a con- 
siderable p maed on the setting of the various interval 
lengths. During this study. the settings were as 
follows: Vehicle interval on each street, 5 seconds 
(the lowest available); initial interval on each street, 
7 seconds; maximum interval on Constitution Avenue, 

30 seconds, which allowed a maximum time of 30 plus 
the initial ‘interval, or 37 seconds; and the maximum 
interval on Seventeenth Street, 35 seconds, or a maxi- 
mum time of 42 seconds. The longer maximum on 
Seventeenth Street was necessitated by the rush of 
traffic on this street for a short period just before 4:30 
p.m., before traffic on Constitution Avenue had shown 
a marked increase. ‘These settings were those used by 
the Park Police, and are believed to be the most satis- 
factory for this location. Typical conditions under 








alike in their operating characteristics 
these two types offers interesting comparisons, and 
throws more light on the result of increasing the interval 
and cycle lengths. 
| of the flexible control methods. 





traffic-actuated control are illustrated in figure 7. 


Officer control and traffic-actuated control are much 
Analysis of 


Table 3 summarizes certain features 











TABLE 3.—Comparison of flexible control methods 
Senate Vehi-| Benefit of 
Average cycle | cle | flexibility 
si | time 
| | for 
| | Aver-| | same | 
Control Con- | _ | cycle 
stitu- | Seven-| | — with | Per- 
tion | teenth| Ratio | Total | fixed | Time cant 
Ave- | Street | | light 
nue | con- 
| | trol 
| | 
Dy dee | | cn 
Sec- Sec- | Sec- | Sec- | Sec- | Sec- | See- 
onds | onds onds | onds | onds | onds | 9nds 
OiGtl.... <<< 26.8 | 18.0] 1.51] 44.8| 29.9] 32.5 2.6 8.0 
Vehicle- actuated light. 23.4 | 17.1} 1.41 | 40. 5 31.6 | 32.1 0.5 1.5 











OFFICER CONTROL AND TRAFFIC-ACTUATED CONTROL COMPARED 


The cycle lengths of table 3 are the averages for all 
studies on these control methods, and the vehicle 
times for fixed-time cycles of the same interval were 
computed with equation 1. Two factors are important 
in this table. First, each flexible control method shows 
a slight advantage over what might be expected from 
fixed-time control of the same time intervals. This does 
not mean that flexible control results in faster move- 
ment than fixed control of some other interval length 
(see results of 15-15 timing in table 2), but it shows the 
advantage of flexible control over a comparable fixed- 
time setting. Again it must be remembered that the 
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TRAFFIC ACTUATED CONTROL 
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Figure 8.—MoveEeMENT oF TRAFFIC BY CrcLEs, DISCHARGE ON CONSTITUTION 


ON SEVENTEENTH STREET AS NEGATIVE VALUES. 


greatest advantage of flexible control is the ability to 
meet varying conditions; it is commendable in that it 
approaches the best fixed-time control for these par- 
ticular conditions. 

The second and perhaps more significant fact is that 
officer control produces faster movement than traffic- 
actuated control, even though a longer cycle is used. 

This is contrary to what would be expected from the 
analysis of the fixed-time studies and is worthy of 
further analysis. Table 3 shows that the officer divided 
the time between Constitution = enue and Seventeenth 
Street in the ratio of 1.5 to 1, whereas the traffic- 
actuated control gave Gonetituiion Avenue only 1.4 
times as much time as Seventeenth Street received. 
With cycle lengths as near alike as these, the one which 
allowed the light-traffic street the smaller proportion 
of the cycle should show the lowest weighted average 
time per vehicle. Further information with respect to 
the details of these methods may be obtained from 
figure 8, which shows the time interval variation during | 
random 15-minute periods for the flexible control 
methods and the corresponding discharge rates. 

In preparing figure 8 periods were chosen in which the 
average time interval closely approximated the average 
time interval for the entire study of each method. The 
slope of the lines shows that the time interval generally 
varied with the number of vehicles. It is apparent 
that where the interval length on Seventeenth Street 
increases, the number of vehicles appears to follow this | 
increase more closely in the case of the officer control 
than for the traffic-actuated control. Accordingly, for 


AVENUE, PLOTTED As PosiTivE VALUES AND THAT 
Store oF LINEs INDICATES DiscHARGE Rare. 


the periods selected here, further analy sis Was made of 
the long cycles. In each case the length of interval and 


the number of vehicles were determined for all intervals 
of over 30 seconds on Constitution Avenue, and of over 
20 seconds on Seventee ¥% Street. The results of this 
analysis appear in table 


TABLE 4. Comparison of oflice r control and tra flic-« 
for extended intervals 


Constitution Avenue 
Average vehicles per second 0. f 
Vehicles per second in long intervals (over 30 second fy 
Difference in vehicles per second bet weet 

and long intervals 
Above difference as a percentage 

Seventeenth Street 
Average vehicles per second 47 
Vehicles per second in long intervals (over 20 seconds 
Difference in vehicles per second between average condi 

and long intervals 
Above difference as a percentage 


laverage conc itions 


ions 


Table 4 shows that the officer control not only wa 
relatively more efficient in the long cycles than was th 
traffic-actuated control but was actually more efficient 
in the longer cycles than in the shorter ones. Thi 
indicates that the vehicle-actuated control held th: 


| right of way too long on one street for scattering traffic 
| whereas the officer did not give a long cycle unless th 


traffic demanded it. This is a further reason for th: 


apparent inconsistency between officer and _ traffic 
actuated control, where the method showing the long: 
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average cycle showed the faster movement. From 
this two conclusions may be deduced. (1) The 
traffic-actuated control did not have quite the flexi- 
bility of officer-control, and (2) the officer might have 
been more efficient had he been able to maintain a 
shorter average cycle. The fact that the use of the 
longer cycles was more efficient than that of the shorter 
ones indicates usage of over average intervals only when 
traffic demanded it, and that short and average cvcles 
could have been still shorter. 


SHORT “VEHICLE INTERVAL’ DESIRABLE IN AUTOMATIC CONTROL 


Since the operation of the traffic-actuated control is 
dependent entirely on the spacing of traffic, it is of 
interest to examine the flow of traffic on the two 
streets. Constitution Avenue, during the hours studied 
carries approximately 1,390 vehicles per hour, and 
Seventeenth Street carries about 670. This means that 
at evenly spaced intervals vehicles would arrive on Con- 
stitution Avenue about every 2.6 seconds, and on Seven- 
teenth Street every 5.4 seconds. Of course vehicles do 
not arrive so regularly, and it is because of the grouping 
tendency that traffic-actuated control effective 
However, on a city street speeds are more nearly 
uniform than on an open highway, and with closely 
spaced intersections, traffic may enter or leave a street 
at frequent intervals. For these reasons, with the 
relatively heavy volume recorded at this intersection, 
the flow was more nearly uniform, or continuous, than 
grouped. 

On Constitution Avenue, for example, vehicle-actu- 
ated control, operating with a vehicle interval of 5 
seconds, permits the clearing out of the stopped cars, 
and then may hold the right of way while the traffic on 
the street flows at only its normal frequency. This is 
not so serious on the heavily traveled street as on the 
one with lighter traffic, as was brought out in figures 4 
and 5, but it does work to the disadvantage of this type 
of control. 

The two detectors on a street are connected to the 
dispatcher in parallel with one another. An impulse on 
one, followed by an impulse on the other 4.9 seconds 
later, followed by another impulse on the first detector 
at another 4.9-second interval could hold the right of 
way With a spacing of vehicles in both directions of 
practically 10 seconds. While this extreme case 
seldom found, it was frequently noted that the right of 
way Was held for only a scattering of cars. It has been 
shown that it is wasteful of time to permit the traffic 
on even the more important street to flow any consid- 
erable length of time after the waiting vehicles have 
cleared the intersection. A control, to be the most 
effective, should not cause waiting for a gap in the 
normal flow of traffic on one street to permit the eross 
traffic to flow, but should revert to the other street as 
soon as the traffic on the first street becomes normal 
provided there is not too great a disparity in traffic on 
the two streets. 

A control mechanism of the type used should be ar- 
ranged so as to be set for a vehicle interval as low as 3 or 
even 2 seconds for traffic such as was observed. Five 
seconds was the shortest time available for the vehicle 
interval in this particular instrument, and no observa- 
tions with shorter intervals could be made. It is re- 
ported, however, that a reduction of from 8 to 5 seconds 
in one particular case (Providence, R.I.) resulted in a 
material improvement in the flow of traffic, and it is 
believed that reduction of from 5 to 3 seconds, would 

result in reduced delay at this intersection. 


Is 


is 
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VEHICLE DELAY DETERMINED 


In the foregoing discussion of efficiency it may have 
been noted that comparisons were always made of the 
vehicle time. This was what was actually measured, 
and this offered the fairest comparison of efficiency. 
However, what is more important to certain interests 
is the delay to traffic caused by various types of control. 
Having found the total elapsed time for the average 
vehicle to traverse the 600 feet included in this inter- 
section zone, to find the delay it is necessary only to 
subtract from the elapsed time the time required to 
traverse the distance at normal driving speed. In the 
District of Columbia the legal speed limit is 22 miles per 
hour, and at this speed a vehicle requires 18.5 seconds 
to travel 600 feet. Assuming 22 miles per hour as the 
normal driving speed on the streets approaching this 
intersection, the delay under various conditions is as 
shown in table 5 


TABLE 5 Delay unde arious control methods based on assump- 
hron of , ; ‘ pe how Is normal driving speed 

Vehicle Delay 

time cor- Vehicles per 

respond- —_ hour 

( Delay per . 

ing to ¥ hour (car 

normal min- 

speed utes) 

S Seconds Seconds 

N ntrol - 26.3 18. 5 7.8 2, 000 260 
Best method of contro] recorded 29.9 18 11.4 2, 000 380 
6U-00 45.4 18.5 26.9 2, 000 900 


The figures in table 5 are for normal daytime traffic 
only. Studies made during certain rush hours, indi- 
cate that the time of an average vehicle in rush hours 
could not be less than 50 seconds, under efficient con- 
trol. Using this somewhat arbitrary, but conservative 
figure, the delay per vehicle during the rush hour, as- 
suming the same driving speeds as during the lighter 
midday traffic, must amount to a minimum of 30 sec- 
onds per vehicle, and for the 3,500 vehicles recorded 
from 4:15 to 5:15 p.m., causes a delay of 1,750 car 
minutes per rush hour. Under the best control meth- 
ods at this particular intersection, for a 10-hour day, 
including two rush hours, the minimum delay which 
can be expected is as follows: 

8 normal hours, 8 < 380 
2 rush hours 2X 1,750 


ar-minutes 
ar-minutes 


040 ¢ 
500 ¢ 


9 
o, 
») 

oO, 


6,540 car-minutes 

It is not practicable to fix a definite value for the eco- 
nomic loss incurred by traffic delays. Various agencies 
have advanced theories applying to particular cases 
which no doubt have definite merit, but which can- 
not be applied generally. Costs have been computed 
from such basic assumptions as the amount of gasoline 
consumed while waiting in traffic, and the increased 
wear on vehicles in acceleration and deceleration, and 
also from such arbitrary assumptions as the value of 
the time lost by the occupants of even purely pleasure 
vehicles. These range from extremely low figures to 
values as high as 5 cents per car-minute, obviously fan- 
tastic for the average case. For these reasons no value 
of time lost is assumed to be applicable to general con- 
ditions, but it is of interest to investigate how much this 
loss might amount to under various assumed values of 
the cost of delay. Figures for time lost in a 10-hour 
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day (8 a.m. to 6 p.m.) appear in table 6. It will be 
noted that these figures are based on the most efficient 
control. If a similar intersection were operated under 
poor control, the delay would be much greater. 

An interesting feature with respect to delay is its 
distribution through the day. Using the 10-hour day 
previously referred to, it may be seen that of the 6,540 
car-minutes delay, 3,500 car-minutes, or over half the 
delay, was incurred during the two rush hours. Any 
reduction in delay during these periods will have a 
marked effect on the time loss for the whole day. 


TABLE 6.—Economic loss incurred in a 10-hour day based 
assumed values per car-minute 


on 


Assumed, Delay 


> Per year 
cost per | per day Per day 300 
car- (car- , favs 
minute | minute) _ 
Cents 
lo 6, 500 $32. 50 $9, 750 
l 6, 500 65. 00 19, 500 
114 6, 500 97. 50 29, 250 
2 6, 500 130. 00 39, 000 
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SUMMARY OF CONCLUSIONS 


(1) For the traffic volume observed in this study 
(about 2,000 vehicles per hour) operation of the inter- 
section without control incurred the least delay to 
traffic. Of all the control methods, officer control per- 
mitted the fastest movement of traffic, closely followed 
by the shortest fixed-time control, and traflic-actuated 
control. 

(2) Under fixed-time control, a very marked increase 
in delay resulted from lengthening the cycle. For 
certain of the short cycles with unequal intervals on 
the two streets, reversing the proportioning of the cycle 
had less effect on the time of the average vehicle than 
did retaining the same proportioning but doubling the 
evele length. 

The flexible control methods showed efficiency 
equal to or better than the most efficient fixed-time 
control, but it is believed that both the officer control 
and traflic-actuated control could be more efficient than 
indicated here. 

(4) During the course of a 10-hour day from 8 a.m. 
to 6 p.m. as much delay is incurred during 2 hours of 
peak traffic as during the remaining 8 hours. 


APPENDIX.—METHODS OF SURVEY AND ANALYSIS 


It is believed that a description of the methods of 
collecting and analyzing the informs ation presented in 
this report will be of interest, since as far as is known, 
few, if any such detailed analyses of vehicular move- 
ment have been attempted. As previously noted, delay 
to traffic at an intersection includes time lost in waiting, 
decelerating and acceler: ~“ or in driving at a low 
speed in anticipation of a signal change. While for 
comparative purposes the ‘det ermination of but one of 
these factors may be sufficient, if it is desired to deter- 
mine the absolute time loss all the factors must be 
considered. The distance within which delay occurs is 
defined as the zone of influence of the intersection, and 
varies with local conditions. The difference in the 
average time required to traverse this zone of influence 
and the time required to traverse the same distance at 
a normal driving speed represents the delay caused by 
the intersection. 


ARRANGEMENT OF OBSERVERS AND APPARATUS DESCRIBED 


Since the actual timing of a particular vehicle through 
the intersection would be difficult, and because, were 
this feasible, only a small sample of traffic could be 
timed a method was developed using a graphic time 
recorder which permitted the timing of all vehicles 
using the intersection. The instrument (fig. 9) con- 
sisted of a strip chart operated by clockwork at a 
known speed, under a number of pens, electrically 
operated by the closing of various circuits. Any pen 
could be actuated by a telegraph key at any point to 
which it was convenient to extend wires. It was pos- 
sible to station an observer at a predetermined point 
just outside the zone of influence who recorded each 
vehicle approaching the intersection as it passed his 
post. Other observers, each equipped with a key in 
series with a different pen, then recorded these same 
vehicles as they left the intersection zone, one observer 
being stationed on each of the three streets by which 
the vehicle might leave the intersection. 

In this study the observers (fig. 10) were located 300 
feet from the intersection. An ‘incoming” 
on each street recorded all vehicles entering the inter- 


observer | 
_vehicles might have entered the intersection. 





Figure 9.—Tue Time-ReEcoRDING MACHINE. 


section zone as they passed his post, and accounted by 
special notation for all abnormal movements, such as 


| parking, between his post and the intersection. To 
record the outgoing traffic, each ‘‘outgoing”’ 


observe! 
one for each street, was equipped with three keys, on: 
for each of the three streets from which the outgoin: 
It was 
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RECORDERS OF INCOMING 
AND TrRucK CARRYING 


Figure 10. AND OvuTGOING TRAFFI 


RECORDING APPARATUS. 


necessary for this observer to classify the vehicles as 
they left the intersection, according to whether they 
came straight through or from the right or left, and 
record them with the proper key when they passed his 
post. This recording was simplified somewhat by the 
traffic control, for except for unusually fast or un- 
usually slow vehicles near the beginning or end of the 
green interval on either street, the vehicles during one 
interval were all ‘‘through”’ and during the other inter- 
val were all from either “left”’ or ‘“‘right”’, and it was 
seldom that the three classifications need be noted 
simultaneously. 

Two observers and 4 keys at each post required 8 
observers and 16 keys for a complete record of the 
operation of all traffic using the intersection. The time 
recorder was equipped with 20 pens, which permitted 
the use of four for other purposes. A relay in the light- 
control box (fig. 11) actuated a pen and automatically 
recorded the cycle of the signal light. Two pens were 
used to record all vehicles as they passed the cross- 
walks on entering the intersection, and the remaining 
pen was kept ready for emergency, to provide for the 
occasional failure of one of the pens to function properly. 
ANALYSIS OF RECORD CHARTS PRODUCES ACCURATE DATA ON 

VEHICLE TIME 

The time required for the average vehicle to pass 
through the intersection was determined as follows: 
Assume vehicles approaching the intersection on a 
given street are recorded as they enter the zone of 
influence at a, b, c, d, and e seconds after any selected 
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zero point on the chart These vehicles are recorded on 
the various ‘outgoing’ pens at times a’, b’, ec’, d’, and e’ 
seconds after this same zero point. The time for each 
of the vehicles to traverse the intersection is (a’—a), 
b’—b), (c’—c), (d’—d), and and the total 
time for all vehicles is the sum of these expressions, or 
(a’+b’+c’+d’'+e a+b+e+d+e Dividing by 
the number of vehicles the average time per 
vehicle 

Whether one vehicle of this group passes another is 
immaterial. Assume the first vehicle passed the second 
and third. The times of the individual vehicles would 
then become (a b), b’—c), (c’-—a (d’—d i, and 
e’—e) and as before, the total time would be (a’ + b’ + 
ce’ +d’+e’ b+e+a+d+e In using this method 
it is essential that the records on the “outgoing” and 
“incoming’’ pens, respectively cover the same group of 
vehicles. For each period of study the “incoming”’ 
and ‘“‘outgoing”’ records must begin with the same vehi- 
cle and end with the vehicle. Every vehicle 
recorded as ‘incoming’? must be recorded as “outgo- 
ing’’ at some point, in order that the total “outgoing”’ 
vehicles equal the ‘‘incoming”’ total. Having ascer- 
tained that the “incoming” and “outgoing” records 
start with the same vehicle, and also stop with the same 
vehicle, the movement of vehicles within this group rela- 
tive to one another is immaterial, and it is only neces- 
sary to account for all vehicles entering and leaving, 
and to discount by special notation all unusual 
movements such as parking, stopping for other, than 
traflic delays, entering or leaving the zone of influence 
at a point other than that at which the observers are 
stationed. 

Various methods may be used to indicate the vehicle 
with which the record should begin or end. At this 
intersection each of the four directions was considered 
in order and the observers were signaled from the inter- 
section as to the proper vehicle, usually the first after a 
gap in the traffic, with which to start recording. Often 
the intersection was entirely clear of traffic entering 
from a particular direction, and this could be noted on 
the chart by the recorder by special manipulation of the 
key. Sucha ‘break”’ is helpful in analysis of the chart, 


, 
Cc 


o1VeSs 


same 


for if no vehicles are in the zone of influence at any 
given time, the succeeding records must necessarily 
begin with the proper vehicle. 
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For ease in analysis the circuits were so arranged that | running time to the 
for the “incoming” record appearing on pen 1, the ‘‘out- | 


going” records for the through, right and left move- 
ments appeared on pens 2, 3, and 4, respectively. Simi- 
lar groups of four pens accounted for the movement on 
the other streets. The record on each chart covered 
from 2 to3 hours. To facilitate analysis and to investi- 


gate the short time fluctuation of traffic, the record was | 


broken up into periods approximately 15 minutes in 
length. Experience showed that shorter periods often 
gave disproportionate results, and much longer periods 
made analysis of the charts more difficult. 


Charts were examined carefully and all special nota- | 


tions made by the recorders during the study properly 
accounted for. The ‘‘outgoing”’’ record on each street 


was checked against the “incoming” record, which|no more accurate or inclusive information could be 


| obtained with methods now available to traffic investi- 


made mistakes immediately apparent. Errors in re- 
cording heavy traffic are bound to occur, but due to the 
character and training of the observers mistakes were 
not frequent. The largest portion of mistakes could be 
traced to the ‘“‘outgoing”’ recorder using the wrong key, 
since vehicles were classified at thé intersection but 
were not recorded until they passed the observers post. 
For example, should a left turn be recorded as a right 
turn, the ‘‘outgoing’’ record from one street would 
show a surplus of one car, which would correspond to a 
deficit in the “outgoing”’ record from another street. 
Such errors could be recognized and a correction made 
on the record chart. Other errors could be isolated 
within a short period by means of the recorders 
‘‘breaks,”’ and correction made. With the “incoming” 
and ‘“‘outgoing”’ records in agreement, the average time 


per vehic le was computed using the method outlined 
above. 


SIMPLER METHODS REQUIRED FOR GENERAL USE 


The purpose of this study was to determine the effect 
of the variation in control methods under conditions of 
traffic as nearly constant as possible. After computa- 
tion of the average running time for each 15-minute 
period, this time was plotted against the volume for the 
particular period for each control method, as a safe- 
guard against including times influenced by any external 
factors. While certain periods showed rates of flow 
deviating somewhat from the average, there were few 
in which there was possibility of tracing any change in 
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variation in volume, and these were 
not considered in the final analysis. 

Investigation was made of the effect of left turns. It 
was found that left turns which, on Constitution Ave- 
nue, the heavier traveled street, ranged from 5.6 percent 
to 18.0 percent of the total traffic, and on Seventeenth 
Street ranged from 20.0 percent to 42.8 percent, had no 
apparent effect on the average running time, within the 
range of volumes observed. While no doubt left turns 
in congested traffic will have a marked effect on traffic 
delays, no such effect was noted in this moderately 
heavy traffic. Pedestrian traffic was negligible during 
the hours included in these observations. 

The methods used permitted the accurate timing and 
detailed analysis of the speed of traflic. Probably 


gators. The question arises as to whether such a 
detailed analysis is necessary. Obviously a method 
similar to this is essential if all the delay to traffic is to 
be accurately analyzed, but there may be some question 
as to the necessity of going to such extremes in accuracy 
and detail to obtain satisfactory information at an ordi- 
nary intersection. Such a study requires, if the traffic 
is heavy, 2 minimum of 8 recoraers, 2 supervisor and a 
iime-recorder operator. Lighter traffic may permit the 
reduction of the recorders to 6, or possibly to 4, or for 
certain types of studies the intersection might be ana- 
lyzed in one direction at a time, but whatever the 
arrangement of personnel, there is required a laborious 
and somewhat complicated laying out of wires and 
assembling of equipment. For a study as detailed as 
the one made a light truck was essential, and this together 
with the time recorder and its accessories represents a 
considerable investment. More than average accuracy 
and experience on the part of the recorders is required. 

Obviously, this method of analysis is not adapted to 
widespread use. It is hoped that these studies will pro- 
vide material which will point to simpler and more 
generally applicable methods of analysis which will at 
Jeast provide information sufficiently accurate for com- 
parative purposes. It may be possible to determine 
factors, which can be applied to less extensive data than 
were collected and thus provide satisfactory figures on 
delay. 


AN IMPROVED METHOD OF MEASURING SPEED 
OF TRAFFIC 


Reported by E. H. HOLMES and LAWRENCE S. TUTTLE, Assistant Highway Economists, United States Bureau of Public Roads 


Subsequent to the studies described in the preceding 
papers in this issue of Punic Roaps, there has been a 
further development of field methods used in the deter- 
mination of vehicle time loss. The method used in the 
New Jersey Viaduct study consisted of recording the 
licenses and the times of passage of vehicles at both 
ends of the route under consideration. Since the length 
of the route was about 4 miles, recording of time to the 
nearest minute was sufficiently precise. A large pro- 
portion of the vehicles were recorded in this way and 


the average travel time was determined from the travel 
time of the individual vehicles. 


In the method used in the Constitution Avenue and 
Seventeenth Street study the travel time per vehicl: 
was not determined by averaging the time for individua 
vehicles. Instead the average time was obtained by 
dividing the aggregate time for all vehicles by th: 
number of vehicles. Here the distance was but a few 


hundred feet rather than several miles, and so the tim: 
of passage of the vehicles had to be noted precisely 
The required precision was obtained with the electri: 
time recorder, which permitted timing to the neares 
second. While this type of study was very precis 
its accuracy was dependent on the “incoming” an 
“‘outgoing”’ records being in exact agreement. 
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The two methods, while entirely satisfactory in each 
special case, are limited in their application. The first 
method can be used only where the distance over which 
the vehicles are to be timed is great enough that 
recording to the nearest minute, or possibly to the 
nearest half minute, will give the elapsed time with 
sufficient precision. This method advisable only 
when most of the traffic passes both observation points, 
for otherwise the sample is small. Such diversions or 
entrances of traffic may be accounted for, however, by 
the use of additional observers at the diversion points. 
The second method is useful only over a short distance 
where both ends of the section of street or highway are 
readily visible from a selected point, which sets a 
practical limit of about 1,000 feet to the length of the 
section. Difficulty is encountered if there is a con- 
siderable amount of stopping or parking within the 
section studied, or if vehicles enter or leave at points 
other than those at which the observers are located. 
Stores, filling stations, or building entrances make 
such a study very difficult, while another street inter- 
section within the ‘‘zone of influence” of the inter- 
section being studied excludes this type study 
entirely. 

Observations at intersections in business sections 
recently investigated were so complicated by business 
stops and by the long lines of vehicles awaiting signal 
changes during rush-hour traffic that neither method 
was suitable. However, a combination of the two 
methods proved successful. 

Under this system, the licenses are recorded as the 
vehicles enter and leave the ‘‘zone of influence”’ of the 
intersection, and the time of passage of each vehicle is 
noted on the time-recorder chart by the closing of a 
circuit with a telegraph key as in the regular intersec- 
tion study. This type of recording requires two ob- 
servers at each post for each direction. One reads 
aloud the license number and simultaneously records 
the time of passage of the vehicle with the telegraph 
key. The other writes on a ruled sheet the number read 
by the first observer. 

In order to correlate the time record appearing on the 
strip-chart with the license record shown on sheets, it is 
necessary for the observers to designate at frequent 
intervals a certain car as a ‘‘check”’ vehicle. The li- 
cense number of this vehicle is checked or otherwise 
noted on the sheet, and its time of passage indicated on 
the time-record chart by a special manipulation of 
the telegraph key. Usually it was found convenient to 
check every tenth vehicle in this way, with distinctive 
notations for the fiftieth and hundredth vehicles. To 
facilitate this correlation of the records, the sheets used 
by the observers were previously ruled, and the tens, 
fifties, and hundreds indicated on them. 
these ‘‘check’”’ vehicles was not difficult, 


1s 


of 


ae 








Recording of 
since the re- 
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cording observe 
announce to the 
on the traffic, 
tenth. 

If the distance over which the record is being made is 
short, as at an intersection, the last 3 digits of licenses 
will be sufficient for identification of vehicles. Using 
this 3-digit recording, 2 observers can record as many 
as 800 vehicles per hour with little difficulty. 

Analysis of the information obtained requires first 
matching the numbers shown on the ‘‘incoming”’ sheets 
with those shown on the ‘‘outgoing”’ sheets and elimin- 
ating all those which do not appear on both sheets 
within a reasonable elapsed time. Then, since the time 
record on the chart is correlated with the license record 
on the sheets, these same vehicles may be eliminated 
from the chart. With the vehicles not matching re- 
moved from the record, the aggregate time for all 
vehicles is obtained by the summation of the ‘‘incom- 


r, after recording nine numbers, would 


reading’’ observer whose eyes were 
that the following vehicle would be the 


ing” and ‘‘outgoing”’ times, as described in the preced- 
ing paper, and the average trip time found from this 
figure. 

In addition to providing an accurate record of 
‘incoming’ and ‘‘outgoing’’ times from which an 


aggregate time for all vehicles may be found, this type 
of study, because of the possibility of identification of 
particular vehicles, permits a much more detailed 
analysis than is possible with the regular intersection 
analysis. For instance, it is very easy to time sepa- 
rately right and left turns, or to make a complete 
analysis of the movement of vehicles through multiple 
intersections. 

Use of this method is not confined to intersections. 
It is ideally adapted to analy sis of traffic on open high- 
ways. It is possible to determine the average speed 
maintained over a given section of highway and how 
the speeds of the individual vehicles vary from the 
average speed. The effect of changes in traffic volume 
on average speed and freedom of movement can be 
studied. Determinations may also be made of the 
capacity of traffic lanes under ideal conditions, and 
re their capacity may be affected by grades, curves, 
and road widths. 

To conduct such a study on the highway it is neces- 
sary only to station observers at the two or more critical 
points between which information desired. The 
distances which may be included are dependent only 
on the length of wire which it is practicable to lay out 
for the study. 

By gradual development and combination of proven 
methods, it is now possible to analyze accurately the 
movement of traffic over distances up to several 
miles. Practically every condition of traffic flow 
may be studied by some combination of the methods 
described. 
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CLASS III—PROJECTS ON SECONDARY OR FEEDER ROADS 





AS PROVIDED IN TITLE II, SECTION 204 OF THE NATIONAL INDUSTRIAL RECOVERY ACT 
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PUBLICATIONS of the BUREAU OF PUBLIC ROADS 








Any of the following publications may be purchased from 
the Superintendent of Documents, Government Printing Office, 
Washington, D.C. As his office is not connected with the 
Department and as the Department does not sell publications, 
please send no remittance to the United States Department of 
Agriculture. 


ANNUAL REPORTS 


Report of the Chief of the Bureau of Public Roads, 1924. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1927. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1928. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1929. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1932. 
10 cents. 


DEPARTMENT BULLETINS 


No. 136D . . Highway Bonds. 20 cents. 

No. 347D . . Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10 cents. 

No. 532D .. The Expansion and Contraction of Concrete 
and Concrete Roads. 10 cents. 

No. 583D . . Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25 cents. 

No. 660D . . Highway Cost Keeping. 10 cents. 


No. 1279D . . 


Rural Highway Mileage, Income, and Expendi- 
tures, 1921 and 1922. 15 cents. 


TECHNICAL BULLETINS 


No. 55T . . Highway Bridge Surveys. 20 cents. 
No. 265T . . Electrical Equipment on Movable Bridges. 


35 cents. 


MISCELLANEOUS CIRCULARS 


No. 62MC .. Standards Governing Plans, Specifications 
Contract Forms, and Estimates for Federal- 
Aid Highway Projects. 5 cents. 


No. 93MC .. Direct Production Costs of Broken Stone. 
25 cents. 


MISCELLANEOUS PUBLICATION 


No. 76MP . . The results of Physical Tests of Road-Build- 
ing Rock. 25 cents. 


No. . . Federal Legislation and Regulations Relating 
to Highway Construction. 10 cents. 


REPRINT FROM PUBLIC ROADS 


Reports on Subgrade Soil Studies. 40 cents. 








Single copies of the following publications may be obtained 
from the Bureau of Public Roads upon request. They cannot 
be purchased from the Superintendent of Documents. 


SEPARATE REPRINT FROM THE YEARBOOK 


No. 1036Y . . Road Work on Farm Outlets Needs Skill and 
Right Equipment. 


TRANSPORTATION SURVEY REPORTS 


Report of a Survey of Transportation on the State Highway 
System of Ohio (1927). 


Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 


Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 


Report of a Plan of Highway Improvement in the Regional 


Area of Cleveland, Ohio (1928). 


Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 


Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 








A complete list of the publications of the Bureau of Public 
Roads, classified according to subject and including the more 
important articles in PUBLIC ROADS, may be obtained upon 
request addressed to the U.S. Bureau of Public Roads, Willard 
Building, Washington, D.C. 
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